A measurement of two-particle correlations with a high transverse momentum trigger particle (p trig T > 2.5 GeV/c) is presented for Au+Au collisions at √ s N N =200 GeV over the uniquely broad longitudinal acceptance of the PHOBOS detector (−4 < ∆η < 2). A broadening of the away-side azimuthal correlation compared to elementary collisions is observed at all ∆η. As in p+p collisions, the near-side is characterized by a peak of correlated partners at small angle relative to the trigger particle. However, in central Au+Au collisions an additional correlation extended in ∆η and known as the 'ridge' is found to reach at least |∆η| ≈ 4. The ridge yield is largely independent of ∆η over the measured range, and it decreases towards more peripheral collisions. For the chosen p trig T cut, the ridge yield is consistent with zero for events with less than roughly 100 participating nucleons. One of the most fundamental discoveries at the Relativistic Heavy Ion Collider (RHIC) is that hard-scattered partons interact strongly as they traverse the produced medium [1] . In central Au+Au collisions, the suppression of high p T particle yields [2, 3, 4] and the disappearance of back-to-back high p T pairs [5] are consistent with surface emission of jets due to the presence of an opaque medium that completely absorbs jets produced within or directed towards the interior.
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However, the energy and momentum of the away-side jet must be present in the final state, motivating the study of correlations between high p T trigger particles and lower p T associated particles. Previous such measurements have shown that the absorbed jet energy manifests itself in an away-side structure centered at ∆φ = π that is broad in ∆φ compared to p+p [6, 7] and in an enhanced correlation near ∆φ ≈ 0 observed by the STAR detector to extend at least to |∆η| < 1.7, a phenomenon called the 'ridge' [7, 8, 9] . Although the ridge has been qualitatively described in this narrow ∆η region by a diverse assortment of proposed mechanisms [10, 11, 12, 13, 14, 15] , the origin of the structure is still not well understood.
The correlated yield of charged hadrons associated with a high transverse momentum trigger particle (p T > 2.5 GeV/c) has been measured in collisions of gold nuclei at √ s N N =200 GeV by the PHOBOS experiment at RHIC. The data are presented as a function of pseudorapidity (∆η) and azimuthal angle (∆φ) relative to the trigger particle over a range of collision centralities, where the number of participating nucleons (N part ) has been determined as in previous papers [1, 2] . This measurement allows a unique examination of the ridge (and its dependence on event centrality) at large relative pseudorapidity up to |∆η| ≈ 4, placing a quantitative constraint on the possible interpretations of particle production correlated with high p T trigger particles. The PHOBOS detector [16] has two azimuthally opposed spectrometer arms, each covering 0.2 radians, which are used to select charged trigger tracks with p T > 2.5 GeV/c within an acceptance of 0 < η trig < 1.5. Associated particles that escape the beam pipe (p T 7 MeV/c at η = 3, p T 35 MeV/c at η = 0) are detected in a single layer of silicon comprising the octagon subdetector (|η| < 3). The loss of acceptance due to gaps in the octagon array is partly recouped by using the first layers of the vertex and spectrometer detectors. To account for occupancy effects in the octagon and vertex detectors, each associated hit is weighted by the local occupancy (number of charged particles per hit pad), estimated as in [17] from the fraction of hit pads in the surrounding region.
The construction of the per-trigger correlated yield of charged particles
is described in any given centrality class by the following expression:
where N ch is the number of charged particles and N trig the numbers of trigger particles. The raw per-trigger distribution of same-event pairs s(∆φ, ∆η) is divided by the raw mixed-event background distribution b(∆φ, ∆η) to account for random coincidences and acceptance effects. This ratio is calculated in 1 mm bins of vertex position along the beam and averaged over the range −15 < z < 10 cm. B(∆η), which converts the flowsubtracted correlation into a conditional yield, is constructed from the single-particle distribution (dN/dη) [18] by convolution with the normalized η distribution of trigger particles. Because 'elliptic flow' -the [1 + 2v 2 cos(2(φ − Ψ RP ))] distribution of particles with respect to the impact parameter vector (Ψ RP ) -is erased in the mixing of tracks and hits from different events, the remaining v using an event plane method that is sensitive to the RMS of v 2 rather than the mean [19] . As such, this approximation is robust against v 2 fluctuations from initial source eccentricity [20] that could otherwise introduce up to a 10% difference. The flow magnitudes are calculated from a parameterization based on published PHOBOS measurements of v 2 as a function of N part , p T , and η [21] , assuming a factorized form. The v 2 of the trigger track is corrected for occupancy effects in the spectrometer; the v 2 of associated hits is corrected for secondaries. Both of these effects tend to suppress the magnitude of the observed v 2 .
The scale factor a(∆η) is introduced to account for the small difference in multiplicity between signal and mixedevent distributions. Its value -within a few percent of unity in all cases considered -is extracted separately in bins of centrality and ∆η, using an implementation of the zero yield at minimum (ZYAM) method [22] that fits the minimum of
with a second-order polynomial in the region 0.5 < ∆φ < 1.5 radians.
The hypothesis of zero correlated yield at the minimum in ∆φ can be explored quantitatively from the evolution of a(∆η), parameterized at each centrality as the sum of a Gaussian in ∆η and a term independent of ∆η [23] . The deviation from a(∆η) = 1 or 'absolute normalization' [24] can be characterized completely by the following two effects. First, a bias of the p T -triggered signal distribution to higher multiplicity accounts for the constant term in a(∆η), the magnitude and centrality dependence of which are consistent with a prediction based on the centrality bin widths used in the analysis. Second, the presence of 'cluster-like' particle production is reflected in the Gaussian term of a(∆η), whose width is consistent with that extracted from inclusive two-particle correlations [25] ; the centrality dependence of the Gaussian amplitude is also in agreement with that found in [25] after accounting for the dominant 1/N ch dependence due to a trivial dilution by uncorrelated particles.
The uncertainty on the value of a(∆η) is estimated from the error matrix of a 2-D fit to the extracted ZYAM parameters in N part and ∆η. The subtraction of elliptic flow from the raw correlation using this implementation of the ZYAM method is illustrated in Fig. 1 , where the shaded band represents the flow uncertainty and the horizontal line the extracted ZYAM scale factor, a(∆η). . This flow uncertainty is typically on the order of 15-20%. It reaches 50% in the most central 3% of collisions, although here V (∆η) is quite small (≤ 0.0008) compared to the resulting jet correlation.
To understand the effects of the hot, dense medium on correlated particle production, the PHOBOS Au+Au data is compared to p+p events simulated with PYTHIA version 6.325 using default settings [26] . The ∆η and ∆φ correlation structures in PYTHIA are compatible with published STAR p+p correlations [7] in the measured range for comparable analysis cuts. Except for the absence of elliptic flow subtraction, the analysis of PYTHIA simulations was identical to that for the Au+Au data. The prominent features of the p+p correlation, shown in Fig. 2(a) , are a jet-fragmentation peak centered at ∆φ = ∆η = 0 and an away-side structure centered at ∆φ = π that is similarly narrow in ∆φ but extended in ∆η, since the hard scattering can involve partons with very different fractions of the proton momentum. In central Au+Au collisions, particle production correlated with a high p T trigger particle is strongly modified as shown in Fig. 2(b) . Not only is the enhanced away-side yield much broader in ∆φ, the near-side peak at ∆φ ≈ 0 now sits atop a pronounced ridge of correlated partners extending continuously and undiminished all the way to |∆η| = 4. To examine the near-side structure more closely, the correlated yield is integrated over the region |∆φ| < 1 and plotted as a function of ∆η in Fig. 2(c) . For the most central 30% of Au+Au collisions, there is a significant and relatively flat correlated yield of about 0.25 particles per unit pseudorapidity far from the trigger particle.
A more detailed examination of the correlation structure is possible by projecting the correlation onto the ∆φ axis as in Fig. 3 . In the top row of that figure, the correlated yield in Au+Au is compared for five centrality bins (40-50%, 30-40%, 20-30%, 10-20% and 0-10%) to PYTHIA-simulated p+p events at short-range (i.e. integrated over the region |∆η| < 1). In the bottom row, the same comparison is shown at long-range (i.e. integrated over the region −4 < ∆η < −2).
Focusing first on the away-side correlation, a number of features become apparent. First, the shape of the correlation is considerably broader in ∆φ for Au+Au collisions compared to p+p in all measured centrality bins. Additionally, the magnitude of the away-side yield is enhanced relative to p+p, increasingly so for more central Au+Au collisions. Finally, the away-side correlation seems to have a very similar shape and centrality dependence at both short-and long-range. This last observation is explored more quantitatively in Fig. 4 , where integrated away-side yields (∆φ > 1) are presented as a function of participating nucleons at short-and long-range.
The near-side region also shows a strong modification spanning the full measured pseudorapidity range. At short-range (top row of Fig. 3 ), a narrow peak at ∆φ ≈ 0 is observed. In central collisions, this peak has a large contribution in excess of the p+p jet yield. The nearside, short-range correlation decreases in magnitude with decreasing centrality, reaching the same height as p+p in the 40-50% bin.
At long-range (bottom row of Fig. 3 ), the persistence of the ridge correlation to very large ∆η is evident in the peak at ∆φ ≈ 0 for central Au+Au collisions. This effect is completely absent in more elementary systems. The ridge yield also decreases in magnitude for more peripheral collisions until it disappears in the 40-50% bin.
The similar centrality dependence of the short-and long-range yields in excess of the p+p jet correlation suggests a decomposition of the near-side correlation into distinct jet and ridge components. Such a separation is supported by previous STAR measurements of the associated particle p T spectra, the centrality independence of the jet-like yield, and the ridge-subtracted fragmentation function [8] .
In Fig. 4 , the integrated ridge yield at long-range (filled circles) is compared to the short-range yield (open circles) 1) and awayside (∆φ > 1) yields as a function of Npart at both short-range (|∆η| < 1) and long-range (−4 < ∆η < −2). The near-side yield at short-range has the full PYTHIA jet yield subtracted from it. For clarity of presentation, the open points have been offset slightly and the away-side yields scaled down by a factor of 2. Boxes correspond to the combined 90% systematic uncertainties on the v2 estimate and ZYAM procedure.
after subtraction of a jet component corresponding to the PYTHIA yield. A more precise agreement between these two yields might be achieved for an approximately 15% smaller jet component, inducing all the open circles to move up by 0.07. Nonetheless, already for this simple assumption, the ridge yield is shown to be the same within experimental uncertainties at all ∆η. It decreases as one goes towards more peripheral collisions and is consistent with zero in the most peripheral bin analyzed (40-50%).
While the systematic errors do not completely exclude a smooth disappearance of the ridge as one approaches p+p collisions, these data suggest that with a 2.5 GeV/c trigger particle the ridge may already have disappeared by N part = 80 (about 45% central).
In this letter, the long-range correlation of particles aligned azimuthally with a high p T trigger particle -a unique feature of heavy ion collisions -is shown to extend over at least four units of pseudorapidity. This represents a dramatic extension of previous measurements, providing powerful constraints on the nature of particle production in heavy ion collisions. The persistence of this correlation to such large pseudorapidity separations suggests it is imprinted in the earliest moments after the collision, naturally favoring interpretations that invoke global features of the system like collision geometry and radial flow, rather than local features like medium-modified fragmentation.
